Introduction
Aortic stenosis is the most frequent type of valvular heart disease in the Western Countries and presents mostly in an advanced age as a calcific form. The prognosis is poor once the patient becomes symptomatic. Surgical valve replacement is the established standard management, which alleviates symptoms and improves survival. 1 with conservative or surgical management. This was confirmed in larger registries with longer term follow-up 7 -14 . There are, however, no larger series available comparing conventional surgery with the novel techniques. In Germany, catheter-based aortic valve implantations have rapidly been accepted at many centres and are performed at increasing numbers. The German Aortic Valve Registry (GARY) is a joint project of the German Cardiac Society (DGK) and the German Society for Thoracic and Cardiovascular Surgery (DGTHG) with the aim to collect complete data on aortic valve interventions for aortic stenosis across Germany. This is the first report on the acute in-hospital outcome in patients recruited in 2011.
Methods
Patients undergoing invasive treatment for acquired aortic valve stenosis [aortic valve surgery as conventional aortic valve replacement (AVR) or Ross and David procedures, trancatheter aortic valve intervention (AVI), or aortic valvuloplasty] in participating centres have consecutively been enrolled in the registry. Transcatheter AVI was divided in the retrograde TV techniques (transfemoral, direct aortic, and transsubclavian access) and the antegrade transapical access (TA). The only exclusion criterion is missing agreement for participation by the patient. The study period started on 1 July 2010 and patient recruitment is scheduled up to the end of 2015. The protocol requests a follow-up at 30 days, 1, 3, and 5 years after the index aortic valve procedure. The protocol of the registry has been previously described in detail. 15 Briefly, data from different data sets (baseline, procedural, and outcome data) have been combined in an electronic case report form. Data completeness has been verified by an electronic tool on the basis of the hospitals' reimbursement requests while data accuracy has been monitored by a multistage plausibility check combined with an on-site data verification on a randomly selected 5% of the participating hospitals (audit). Data management and statistical analysis has been performed by the BQS Institute for Quality and Patient safety (www.bqs-institut.de). In Germany, it is mandatory for reimbursement to deliver a data set of specific cardiac interventions to the independent institute for Quality Assurance (AQUA, Institut für Angewandte Qualitätsfö rderung und Forschung im Gesundheitswesen, Gö ttingen, Germany). The data and results are published annually in a quality report and allow the evaluation of the enrolment completeness of GARY. In addition, all sites were asked to confirm in writing that the reported data are consistent with the patients reported to AQUA excluding patients refusing to give informed consent for the registry ( 3 -5%).
The present analysis comprises the in-hospital outcome of all patients who underwent conventional aortic valve replacement (AVR) without (n ¼ 6523) or with (n ¼ 3462) concomitant coronary bypass surgery and patients who were treated with TV AVI (n ¼ 2694) or TA AVI (n ¼ 1181) in the year 2011. Patients treated with other surgical procedures of the aortic valve (e.g. Ross, David; n ¼ 354) or balloon valvuloplasty alone (n ¼ 48) are not included in this analysis.
Statistics
The descriptive analysis includes surgical AVR without coronary artery bypass grafting (CABG), surgical AVR with CABG, TV AVI, and TA AVI. Continuous scaled variables were expressed as means + standard deviation. Statistical significance was tested two-sided with the alpha level of 5%. Comparison of baseline between the four procedures was done by the Kruskal -Wallis rest (any differences) or Mann-Whitney U test (pairwise) for continuous variables. Categorical variables were analysed Responsibility, independency, and funding of the registry
The responsible body of the registry is a non-profit organization named Deutsches Aortenklappenregister gGmbH founded by the DGK and DGTHG.
The responsible societies and the BQS Institute are by the virtue of their constitutions independent organizations in both-legal and scientificviews. The registry receives financial support in the format of unrestricted grants by medical device companies (Edwards Lifesciences, JenaValve Technology, Medtronic, Sorin, St Jude Medical, Symetis SA), which however have neither access to data nor influence on their publication.
Results

Centre participation and implantation numbers
The following analysis is based on 13 860 consecutive patients who underwent aortic valve interventions from January 1 to 31 December 2011 covering 55% of all aortic interventions in Germany during this period. The data are derived from 78 sites (out of 96 in Germany), of which 62 sites contributed data from the beginning of the year. Since several centres joined only in the course of the year 2011, the number of patients analysed in this manuscript does not match with the number of all aortic procedures performed in Germany. Here, we summarize the results of 6537 conventional aortic valve replacements without and 3464 with concomitant coronary bypass surgery. The transcatheter data set includes 2695 TV and 1181 TA interventions.
Patient selection
The decision for a transcatheter AVI was made in most cases by a Heart Team (TV 86.1, TA 90.4%), but in some patients either a cardiologist (TV 8.7. TA 0.7%) or a cardiac surgeon (TV 5.2. TA 8.9%) decided alone.
Reasons for choosing a transcatheter valve implantation over a conventional AVR were high patient age (TV 69, TA 72%), frailty (TV 44, TA 48%), overall high-operative risk defined as log. EuroScore . 20% or STS-score . 10% (TV 64, TA 65%), porcelain aorta (TV 5, TA 11%), or concomitant diseases limiting life expectancy (TV 8, TA 11%). The patients' wish played a minor role as an additional factor (TV 29, TA 15%).
Patient characteristics and risk profile
Patients undergoing either conventional AVR or transcatheter AVI differed markedly in baseline characteristics and risk profile. Most transcatheter aortic valve intervention (TAVI) patients (TV 86.3, TA 84.0%) were older than 75 years, whereas this was only the case for a minority of patients undergoing conventional AVR (33.3% without CABG/44.9% with CABG, Figure 1 ). The mean logistic EUROScore was significantly higher in the TAVI groups (TV 25.9; TA 24.5%) in comparison with patients who underwent conventional AVR without (8.8%) or with concomitant CABG (11.0%). This is concordant with the fact that the TAVI cohort had more cardiovascular risk factors ( Table 1) .
The comparison between the TV and TA TAVI patients revealed a significantly higher rate of pulmonary hypertension in the TV group and more patients with pre-operative acute and chronic renal failure with dialysis. The TA patients more often suffered from both peripheral artery disease (28.4 vs. 16.4%) and carotid disease (17.7 vs. 11.2%). In the TV group a considerable number of patients was treated ,48 h after or still in cardiogenic shock (3.9 vs. 1.9% TA-AVI) and/or still under inotropic support (5.9 vs. 1.5% TA-AVI). No difference among all groups was found regarding mean and maximum aortic valve gradients. However, the valve area was somewhat lower in both TAVI groups ( Table 2) . Likewise, the rate of mild-to-moderate concomitant mitral valve regurgitation was higher in the TAVI-treated patients.
Intra-operative parameters
The procedure times were significantly longer for conventional operations (AVR: 183 + 69 min, AVR + CABG: 242 + 79 min) as opposed to the TAVI (TV: 92 + 51 min, TA: 100 + 65 min). Following the trend of the past years a biological prosthesis was implanted in most patients undergoing conventional valve replacement (83.8% in patients without concomitant CABG, 92.2% in patients with CABG). In the TV group the CoreValve revalving system (Medtronic, Minneapolis, MN, USA) was used in .60% of the cases, whereas the Sapien valve (Edwards Lifesciences, Irvine USA) was almost exclusively used for the TA route.
Overall, TAVI patients were treated with prostheses from Edwards Lifesciences (n ¼ 2061) or Medtronic CoreValve (n ¼ 1614). Only a minority was treated with second generation prostheses from Symetis SA (n ¼ 53) or JenaValve (n ¼ 53). The remaining patients (n ¼ 94) received either devices under clinical evaluation or no device due to different reasons.
In the majority of patients, the native aortic valve was treated. Within the TAVI group, however, 81 patients (2.1%) received a valve-in-valve due to deterioration of a previously implanted surgical bioprosthesis.
Most TA patients (95%) were operated under general anaesthesia, whereas this was only the case in 44% of the TV patients. A small proportion of TAVI patients underwent the procedure electively with under support of a heart lung machine (0.5%).
A true 'Heart team approach' with at least one cardiologist and one cardiac surgeon performing the procedure together was present in 40.3% of the TV and 69.4% of the TA cases. The mean fluoroscopy time was lower in the TA (9 + 19 min) than in the TV group (18 + 11 min).
The intra-operative complication rates were low. Conversion to sternotomy was necessary in 2.0% of the TA and 1.4% of the TV cases. Unplanned cardiopulmonary bypass was necessary in 2.1% of the TA cases and 0.7% of the TV cases.
Vascular complications (intra-and post-operative) were expectedly highest in the TV AVI patients (15.9%). Other complication rates are listed in Table 3 .
Peri-operative outcome
The different pre-operative risk profiles led to differences in the unadjusted post-operative outcome parameters. In-hospital mortality for all patients (including emergent procedures, endocarditis, and similar high-risk patients) was 2.1% in the surgical group for AVR alone and 4.5% for patients with AVR plus CABG. In the TV group, the in-hospital mortality was 5.1% (CoreValve 4.3%, Sapien 5.8%, n.s.) and in-patients who underwent TA AVI 7.7% ( Figure 2) . The in-hospital stroke rate was low in all groups with 1.3% (AVR), 1.9% (AVR + CABG), 1.7% (TV TAVI), and 2.3% (TA TAVI). More outcome data are given in Table 4 .
The incidence of post-interventional atrioventriclar block requiring pacemaker implantation was highest in TV-treated patients (25.0%) when compared with the TA group (11.3%) and conventionally treated patients (5.2% without; 4.5% with CABG).
Catheter-based valve implantations may be associated with residual aortic regurgitation. The GARY registry found very good results in both catheter-treated groups with either no regurgitation (TV 37.2, TA 57.3%) or non-valve academic research consortiumrelevant regurgitation grade I (TV 55.5, TA 38.6%). Grade II-regurgitation occurred more often in the TV group (7.3%) when compared with the TA group (4.0%; Table 4 'LV decompensation' is defined as (i) need for prolonged (.24 h) high-dose inotropic support and/or (ii) need for implantation of an intra-aortic balloon pump or extracorporeal membrane oxygenation and/or (iii) pulmonary oedema.
intervention mechanical ventilation was shorter in the TV group in comparison with TA (29 + 108 vs. 37 + 124 h) ( Figure 3 ).
Risk assessment
The EuroScore grossly overestimated the real mortality in the GARY registry for all groups (each EuroScore vs. observed mortality: conventional surgery without CABG 8.8 vs. 2.1%; conventional surgery with CABG 11.0 vs. 4.5%; TV-AVI 25.9 vs. 5.1%; TA-AVI 24.5 vs. 7.7%).
The German AV-Score demonstrated reliable risk discrimination for the low-to-intermediate risk patients in all groups. In the TV-AVI group and in conventionally operated patients without bypass surgery, the observed mortality for high-risk patients was significantly lower than expected from the German AV-Score (Figure 4 ).
Discussion
The presented data pools for the first time a large number of patients who received either conventional or catheter-based aortic valve replacement. Conventional surgery was associated in all risk groups with an excellent outcome, which is in concordance with or even better than recent publications. Furthermore, the data support the favourable results of catheter-based aortic valve replacements from previous randomized studies and registries in an all comer realworld patient population. The direct comparison with conventional surgical procedures allows to better define the role of this new technique in the future. Overall, we could confirm that the vast majority of patients treated by this new technology were at very high risk or elderly as shown in Figure 1 . The mean EuroScore was more than two-fold higher in the TAVI patients, accordingly.
This finding as well as the increasing total number of aortic valve interventions in Germany ( + 7.3%) 17 suggests that this new technique was used regularly in patients who previously were not considered for valve surgery. Accordingly, the baseline characteristics in the treatment arms are considerably different, which thereby precludes reasonable risk adjustments. Similarly, the use of the EuroScore as comparator considerably overestimates the true risk in this patient population. 18 For a better comparison, the German AV-Score was calculated which is derived from a 2007 data set of patients undergoing only aortic valve surgery. 16 This score better represents this patient population, as proven in the low-risk groups, but overestimated the risk in high-risk groups. This may be explained by the fact that TAVI was done only at a very low rate in 2008 and some particular high-risk patients not captured by the AV score have shifted over the time to TAVI. 1 This obviously holds especially true for elderly patients, since most patients beyond the age of 85 were treated with a percutaneous approach. It is reassuring that TAVI in this high-risk subset resulted in lower mortality at least as predicted by the score. Vice versa, patients with a high AV-score undergoing conventional surgery also had a lower risk as predicted in the pre-TAVI era. When TAVI was not routinely performed in 2009 the mortality of conventional AVR with concomitant CABG was 36% higher, without concomitant CABG even 45% higher. Accordingly, our registry seems to disclose an important paradigm change in outcome and care. During most of the observation period in 2011 only the selfexpanding Medtronic CoreValve and the balloon-expandable Edwards Sapien were commercially available. Other valves played therefore no role in this report. Accordingly, in TV procedures the Medtronic CoreValve prosthesis was used in 60%, whereas the TA approach was largely dominated by Edwards Sapien valves. There was a trend that TA procedures had a higher mortality when compared with the TV approach. However, we would not overestimate this result because of the great variation observed. Specifically, risk factors were unevenly distributed between both groups. Furthermore, this technique is frequently used as an alternate route of access when the femoral approach is not feasible leading to a certain degree of preselection bias. The difference should also not be related to the valve types, since mortalities in the TV groups were the same.
Since residual aortic regurgitation has been described as independent risk factor for mortality, it was reassuring that the success rate seen in our registry was very high (residual aortic regurgitation ≤ grade 1 in 92.7% with TV-AVI and even 96.0% in TA-AVI). The yet unknown durability will stay a matter of debate.
With respect to complications, stroke during valve replacement is the most feared event. However, the rate of strokes was similar in the TV and the TA approach and was in the range of patients undergoing combined valve and bypass surgery. The rate for new pacemakers was several folds higher than in conventional surgery and as expected from previous reports more frequent in the CoreValve patients and therefore more frequent after the TV approach. 19 The very low rates of coronary occlusions in all groups is reassuring-especially for the TAVI approach, in which this complication has long been feared. With the exception of vascular complications there was no major difference between the different routes of access. The current data are reassuring that the results seen in the randomized trials as well as in other registries are reproducible in such a large-scale data collection. Most other studies primarily report the 30 days outcome, which, however, is very close to the in-hospital outcome in our study. The length of hospitalization was rather similar and accordingly no critical factor in comparing the techniques. The experience with the procedure varied considerably as many centres just started the catheter valve programme and were still in the learning curve or just released from proctoring. One aim of this registry is to monitor the quality of indications and procedural outcome, and to provide a benchmark report back to the individual centres. Naturally, registries have limitations and cannot replace randomized evidence. Several centres joined the registry only in the course of 2011 and only 78 out of 96 potential centres contributed to GARY, with the result that only 55% of all procedures performed in Germany at that year have been captured. However, through verification of the reported data with the compulsory quality reports ensured a high grade of completeness as far as possible. In addition, registries have the inherent limitation to be not completely controlled with the risk of under-reporting of events or complications.
However, only 'all-comer' registers allow to assess the penetration and use of a new technology and become particularly important when a traditional approach like conventional surgery is under debate. Furthermore, it is usually difficult to enter suitable patients in adequate numbers into randomized trials, which leads to selection bias. The high number of patients in registries must therefore, at least partly, be used for further placing new technology in patient care.
Conclusions
The in-hospital outcome results of this registry confirm that conventional surgery yields excellent results in all risk groups and that catheter-based aortic valve replacements are an alternative to conventional surgery in high risk and elderly patients. Although the results are very promising, long-term follow-up needs to confirm this conclusion in terms of mortality and quality of life. The GARY registry will over the next years provide solid data to further define the role of catheterbased aortic valve procedures.
